A technically simple route is described to individual epimers of side-chain derivatives of lanosterol (3b-hydroxy-5a-lanosta-8,24-diene). Epimerically pure 24,25-epoxy-, 24,25-dihydroxy-and 24-bromo-25-hydroxy-lanosterol have been prepared in good yield from commercial (50-60%) lanosterol. Hypophosphorous acid was used as a catalyst for the cohalogenation of the 24(25) bond and also for the efficient conversion of 24,25-epoxy-and 24-bromo-25-hydroxylanosterol to epimerically pure 24(R) or 24(S)-24,25-dihydroxylanosterols.
Introduction
Side chain derivatives of lanosterol (3b-hydroxy-5a-lanosta-8,24-diene, 1a) have been shown to act as inhibitors of 24(25) sterol methyl transferase, which is an essential enzyme in the sterol biosynthesis pathway of protozoa, fungi and plants 1 . Because of this activity these compounds have potential therapeutic applications. 24,25-Epoxylanosterol is a 2 potent inhibitor of 3-hydroxy-3-methylglutaryl CoA reductase (HMG-CoA), which is a key regulatory enzyme in the biosynthesis of sterols in humans 2 . There is an association between incidence of cardiovascular disease and levels of serum cholesterol 3 , and for hypercholesterolemic individuals, who cannot control serum cholesterol by dietary modification, some other kind of intervention is indicated. For this reason there is intense interest in the development of inhibitors of cholesterol or sterol biosynthesis 4 .
Reaction of the 24(25) bond in general leads to the production of a mixture of C-24 epimers. It is probable that, where a mixture of epimers has been used in a bioactivity assay 5, 6 , the activity resides principally in one epimer and it is thus not possible accurately to gauge this activity. Differential bioactivity of 24(R)-and 24(S)-epoxylanosterols has been demonstrated 7 . Early reports of the separation of the epimers of 24,25-epoxylanosterol acetate by crystallization 8 have not been amenable to emulation more recently 7, 9 and instead separation of the isomers was achieved by repetitive HPLC. No other separations of epimeric C-24 derivatives of lanosterol have been reported.
We here report a technically simple method for the production of individual C-24 epimers of lanosterol derivatives in high yield from commercial (50-60%) lanosterol, without recourse to highly toxic reagents, or tedious chromatography.
Experimental Procedure
Materials: Lanosterol (50-60%) was purchased from Sigma and used without any further purification. Hypophosphorous acid (50 wt.% in water) and all other reagents were purchased from Aldrich.
General Methods: Column chromatography was carried out on Merck silica gel (70-230 mesh) using the eluants indicated. TLC was carried out using Alugram® Sil G/UV 254 plates.
Elemental analysis was carried out by the Chemistry Department of the University of Otago, New Zealand. All melting points were obtained on a Reichert-Jung micro-melting point determination apparatus and are uncorrected. Optical rotations were measured on a Ramsey AA-5 polarimeter. IR spectra were obtained using a Perkin Elmer M-1600 IR spectrophotometer. Compounds described as epimerically pure were ~97% based on NMR methods.
Gas Chromatography: Gas chromatography with flame ionization detection (GC-FID) was carried out using a Hewlett-Packard Ultra 2 (25m x 0.33mm) cross-linked phenyl methyl silicone fused silica capillary column. Conditions used were 55°C(1 min), 30°C min out. For HSQC a J value of 147 Hz was used and for HMBC a delay value of 65 ms was used for evolution of long range couplings.
X-ray crystallography: X-ray data were obtained with a Bruker CCD diffractometer using Mo-K X-rays ( =0.71073Å). Data were corrected for absorption and other effects using an empirical method (SADABS) 10 and the structures were solved and refined (based on F o 2 ) using the SHELX programs 11 . All hydrogen atoms were included in calculated positions using a riding model. Absolute configuration was determined X-ray crystallographically from the anomolous dispersion for the hydroxy-bromides, and by reference to the known configuration of the main skeleton for the epoxide and diol. Full details of the structures have been lodged with the Cambridge Crystallographic Database, CCDC No XXXXXXX.
Acetylation of Lanosterol:
To a solution of commercial lanosterol (a mixture of 1a and 2a, Scheme 1) (80 g, 0.187 mol, 50-60% pure), dimethylaminopyridine 5, 12 (1.6 g, 0.013mol) and pyridine (120 mL) in CH 2 Cl 2 (700 mL) was added acetic anhydride (30 mL) and the resulting solution was stirred (6h) at room temperature. The reaction mixture was poured into 300 mL of CH 2 Cl 2 and washed successively with 5% HCl, 10% aqueous NaHCO 3 and water. After evaporation of the CH 2 Cl 2 in vacuo, the residue was recrystallized from acetone/methanol to afford a mixture of lanosterol acetate, 3 -acetoxy-5 -lanosta-8,24-diene (1b) and dihydrolanosterol acetate (2b) as a colourless solid (72 g), mp 125-129°C (Lit. and evaporated under reduced pressure to give a crude mixture of unreacted dihydrolanosterol acetate (2b) and 24(R,S)-3 -acetoxy-24-bromo-25-hydroxy-5 -lanost-8-ene (5b) (11.7 g), which was fractionated by flash column chromatography. Elution with hexane/ether (5:1) gave dihydrolanosterol acetate (2b) (3.7 g, 95% recovery) with a minor by-product. Further elution with hexane/ether gave 5b (5.12 g, 84%). Two-fold recrystallisation from hexane (60 mL) afforded crude 24(S)-3 -acetoxy-24-bromo-25-hydroxy-5 -lanost-8-ene ( 5bS, 2.52 g). This crude product was recrystallized twice from hexane to give pure 5bS ( 3 Br requires C, 68.00; H, 9.38; Br,14.14%). The configuration at C-24 was assigned by X-ray crystallography of both a monoclinic and an orthorhombic polymorph.
The combined filtrates from the first recrystallisations were evaporated under reduced pressure and purified by fractional crystallization from hexane followed by two-fold crystallization from hexane/methyl acetate to afford 24(R)-3 -acetoxy-24-bromo-25-hydroxy- 3 Br requires C, 68.00; H, 9.38; Br,14.14%). This form was also fully characterised by an X-ray structure determination.
Conversion of hydroxybromides, 5bS and 5bR, to the corresponding diols, 4bR and 4bS:
A solution of 5bS (2.0 g, 3.5 mmol) in dry 2-propanol (100 mL) and anhydrous potassium acetate (1.0 g, 10.2 mmol) was heated under reflux (2h). The reaction mixture was diluted with hot water (6 mL), hypophosphorous acid (60 µL, 50% in water) was added and the mixture further refluxed (2h). The reaction mixture was cooled, diluted with water and extracted into EtOAc. The EtOAc solution was washed successively with water, NaHCO 3 (5%) and saturated NaCl solution and then dried and evaporated to a white residue. Column chromatography (CH 2 Cl 2 :EtOAc, 2:1) afforded 4bR (1.48 g, 84%), identified by NMR spectroscopy.
Similar treatment of 5bR afforded 4bS (1.43g, 81%).
X-ray crystallography:
Structure of the R-epoxide, 3bR: Crystal data: 
Results and Discussion
Epoxidation of acetylated commercial lanosterol (mixture of 1b and 2b in the approximate ratio 61:39) afforded a mixture of the epimeric 24,25-epoxylanosterol acetates (3bR and 3bS) (Scheme 1). After column chromatography to remove 2b, the epoxides were separated by fractional crystallization from hexane, making use of the much higher solubility of the S epoxide in hexane. This procedure was based on one previously reported 8 but the separation method has been improved, since the earlier one was apparently not reproducible 7, 9 . (A similar method has been applied very recently for obtaining pure samples of 2b, but the epoxides were not further separated 10 ). The individual epimeric acetates 3bR and 3b (and the de-acetylated alcohols 3aR and 3aS) were characterized by NMR. Only the signals for the side chain atoms are reported in Table 1 , with the full carbon and proton chemical shifts of the acetates and corresponding free sterols listed in Supplementary Tables 1 -3 respectively since they match literature values, where they are available 14 .
The earlier study 8 deduced the absolute stereochemistry of the epoxides by chemical methods via reduction to the corresponding 24-OH species, and we have now confirmed the assignment by an X-ray crystal structure determination (See Fig 1a for the conformation of the side-chain of 3bR). For these epoxides, the separate epimers are best identified by their melting points and by their optical rotation, because there are insufficient differences in the 1 H NMR spectra for reliable discrimination, and the 13 C spectra can only just distinguish them 9 .
The epoxides are useful materials for preparing new derivatives. Upon refluxing in 2-propanol with aqueous hypophosphorous acid, 3bR and 3bS afforded the corresponding epimers of the new diols, 24,25-dihydroxylanosterol acetate, 4bR and 4bS respectively, in excellent yield (Scheme 1). 2-Propanol was the solvent of choice to afford miscibility with water without competing as a nucleophile and thereby forming unwanted ethers, which arose if methanol or ethanol was used instead. It was reported earlier that water-soluble organohalides could be reduced in high yields using hypophosphorous acid, AIBNA and NaHCO 3 in water 15 but there appears to be no precedent for use of hypophosphorous acid for the synthesis of vicinal diols from epoxides. This acid appears to as efficient (and as free from by-products) for the opening of the epoxides as the more more usual perchloric acid 16 , without the associated hazards of the latter.
The diols 4bR and 4bS were fully characterized. Selected side-chain carbon and proton NMR chemical shifts are reported in Tables 1 and 2 For the R epimer this appears as a pseudo triplet at 3.32 (apparent J = ca 6 Hz), while the equivalent S is an apparent doublet (J = 10 Hz) at 3.26.
The high yield and the retention of configuration on going from the epoxide to the diol indicates that the reaction proceeds by the predicted The assignment of configuration for the diols 4b was confirmed by an X-ray crystal structure determination on 4bS, the side-chain being that illustrated in Fig 1b. Interestingly the R and S diol epimers form isomorphous crystals, with one very long (51 Å) axis so cannot be distinguished on the basis of unit cell and space-group measurements. Because of this they tend to co-crystallise so epimerically-impure samples cannot be readily purified by recrystallisation.
An alternative route for epimeric separation of lanosterol side-chain species was developed using novel hydroxy-bromide derivatives. Thus treatment of acetylated commercial lanosterol with N-bromosuccinimide in acetone, water and in the presence of a catalytic amount of hypophosphorous acid, (Scheme 1), afforded the epimeric 24-bromo-25-hydroxylanosterol acetates (5bR and 5bS), which were separated from unreacted 2b, by flash column chromatography and from each other by crystallisation. It is significant that this procedure gives only 24-Br, 25-OH derivatives regiospecifically, whereas mixtures of isomers are more normally obtained. Solvent choice is critical since the same reaction in CH 2 Cl 2 lacks this specificity.
In the NMR spectra of 5bR and 5bS the 1 H patterns are again sufficiently different to distinguish the epimeric forms, through the signals of the protons attached to C-22, C-23 and C24 (see Table 2 ). The absolute configuration of C-24 was assigned for both epimers by Xray crystallography. The structures of the side-chains of 5bR and 5bS are shown in Figures 1c and 1d.
The hydroxy-bromides, 5b, could also be converted to the diols, 4b, using a one-pot procedure. When the (S)-hydroxybromide 5bS was used as the starting material the (R)-diol 
Conclusion.
In conclusion, we report here (i) an improved route to separated epimers of the 25, 25-epoxide of lanosterol; (ii) the conversion of the R and S epoxides to the corresponding 24, 25-diols with retention of configuration; (iii) a route to the pure epimers of novel 24-Br, 25-OH derivatives of lanosterol; and (iv) conversion of the R and S bromo-hydroxides to the S and R diols respectively. In each case the transformation and separation of the epimers are experimentally straightforward with good yields. This work also establishes a new procedure using hypophosphorous acid as an efficient reagent for regioselective hydroxy-bromination of olefins, and for ring-opening reactions of epoxides. 13 The absolute configurations were established unambiguously via X-ray structure determinations. These species should prove to be useful for preparing other epimerically pure 
